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We present estimates of the hyperon elastic form factors for the baryon octet and the Ω− baryon
for large four-momentum transfer squared, q2, in the timelike region (q2 > 0). Experimentally,
those form factors can be extracted from the e+e− → BB¯ and pp¯→ BB¯ processes, where B stands
for a general baryon. Our results are based on calculations for the elastic electromagnetic form
factors in the spacelike region (Q2 = −q2 > 0) within a covariant quark model. To connect the
results in the spacelike to those in the timelike region, we use asymptotic relations between the two
regions which are constraints derived from analyticity and unitarity. We calculate the effective form
factors |G(q2)|, and compare them with the integrated cross section data σBorn(q
2) from BaBar,
BES III and CLEO. The available data are at the moment restricted to Λ, Σ0, Σ−, Ξ−, Ξ0, Ω− as
well as to e+e− → ΛΣ¯0 and e+e− → Σ0Λ¯ reactions. Our results provide useful reference for future
experiments and seem to indicate that the present data are still in the non-perturbative QCD region,
while the onset for the asymptotic constraints from analyticity and unitarity happens much before
the region of the pQCD falloff of the form factors.
I. INTRODUCTION
The understanding of internal structure of hadrons has
been a great challenge after the discovery that the pro-
ton is not a pointlike particle. In the last decades, great
progress has been made in the study of the nucleon elec-
tromagnetic structure, particularly through the scatter-
ing of electrons with nucleon targets (γ∗N → N tran-
sition) which probes the spacelike momentum transfer
kinematic region (Q2 ≥ 0) [1–4]. For hyperons (B), how-
ever, to get information on the internal structure based
on the γ∗B → B process is difficult, due to their very
short lifetimes. The available information is restricted,
at the moment, only to the magnetic moments of a few
hyperons (determined at Q2 = 0).
The other possibility of disclosing the electromagnetic
structure of baryons is e+e− scattering. It enables us to
access the timelike region (q2 = −Q2 > 0), and was pro-
posed a long time ago by Cabibbo and Gatto [5]. How-
ever it became possible only recently. The e+e− → BB¯
(and the inverse) reactions open a new opportunity to
study the role of valence quark effects, clusters of two-
quark pairs (diquarks), and different quark composi-
tions [6–12]. The timelike region form factors appear
as a viable tool to determine the hyperon structure, near
the threshold as well as in the large q2 region, where
in the latter, perturbative effects are expected to dom-
inate [4, 5, 11–16]. A significant amount of data is al-
ready available for the proton (e+e− → pp¯) [4, 13]. In
the present study we focus on the reactions involving hy-
perons in the final states. Data associated with hyperon
electromagnetic form factors in the timelike region be-
came also available in facilities such as BaBar [17], BES-
III [18, 19] and CLEO [11, 12]. The available data cover
the high q2 region where we can expect to probe pertur-
bative QCD (pQCD) physics.
From the theoretical side, there are only a few differ-
ent attempts for interpreting the hyperon timelike elec-
tromagnetic form factor data [20–27]. Although results
from e−e+ and pp¯ annihilation experiments are already
available or being planned in the near future e.g. by the
PANDA experiment at FAIR-GSI [28], theoretical calcu-
lations of hyperon electromagnetic timelike form factors
are scarce. The results presented here intend to fill that
gap.
In the large q2 region one can expect the behavior pre-
dicted by pQCD [29–33]. However, some of the aspects
from pQCD, including the q2 dependence of the form
factors, can be determined only at very high q2. In the
region covered by the present experiments, finite correc-
tions for the large-q2 behavior may be still relevant.
One of the goals of the present work is to provide cal-
culations to be compared with the recent experimental
determinations of the e+e− → BB¯ cross sections from
CLEO, BaBar and BES-III, and to use them to guide
new experiments also for larger q2. The results presented
here can be used to study the onset of the region for the
validity of asymptotic behavior, by comparing with data.
Our estimates are based on results of a relativistic
quark model for the spacelike region [34, 35]. In this work
we focus on the general properties of the integrated cross
section σBorn(q
2) and the effective form factor |G(q2)|
2for large q2. Based on these, we test model indepen-
dent asymptotic relations between the form factors in the
spacelike and the timelike regions [4]. We use those rela-
tions to calculate the magnetic and electric form factors
in the timelike region, and give estimates for the effective
form factor G(q2) of the Λ, Σ+, Σ0, Σ−, Ξ0, Ξ− and Ω−
baryons. An interesting aspect that emerges from our
results and the comparison with data is that the region
of q2 where the model independent relations may start
to hold, differ from the (even larger) q2 region of pQCD.
In addition to the effective form factor G(q2), we cal-
culate also the individual form factors |GM | and |GE |,
and determine their relative weights for the effective form
factor. Most existing studies are based on the approxi-
mation GM ≡ GE , equivalent to G(q2) = GM (q2). How-
ever, it is important to notice that although by defini-
tion GM = GE at the threshold of the timelike region
(q2 = 4M2B, where MB is the mass of the baryon), there
is no proof that this relation holds for higher values of q2.
Therefore, in the present work we compare the result of
the approximation G = GM with the exact result. The
difference between the two results is a measure of the im-
pact of GE in the magnitude of the effective form factor
G.
It is worth mentioning that, at present, calculations
of the timelike form factors based on a formulation in
Minkowski space (q2 = q20−q2) are very important, since
the timelike region, in practice, is still out of reach of
the methods as lattice QCD simulations. Also most of
the Dyson-Schwinger-equation-based approaches, formu-
lated in the Euclidean space, are still restricted to mass
conditions compatible with singularity-free kinematic re-
gions. Their extension to regions where singularities can
be crossed requires elaborate contour deformation tech-
niques [36].
This article is organized as follows: In the next sec-
tion we describe the general formalism associated with
the e+e− → BB¯ processes and their relation with the
form factors G(q2). In Sec. III, we present the properties
of the relativistic quark model used, which is tested in
the calculation of the baryon elastic form factors in the
spacelike region. The numerical results for the timelike
form factors are presented and compared with the exper-
imental data in Sec. IV. The outlook and conclusions are
given in Sec. V.
II. FORMALISM
We start our discussion with the formalism associated
with spin-1/2 baryons with positive parity (1/2+). In
the following we represent the mass of the baryon byMB
and use the notation τ = q
2
4M2
B
.
Within the one-photon-exchange approximation
(equivalent to the impulse approximation in spacelike)
one can interpret the e+e− → BB¯ reaction as the two-
step process e+e− → γ∗ → BB¯, and the integrated cross
section in the e+e− center-of-mass frame becomes [13]
σBorn(q
2) =
4piα2βC
3q2
(
1 +
1
2τ
)
|G(q2)|2, (1)
where G(q2) is an effective form factor for the baryon
B (spin 1/2 and positive parity), α ≃ 1/137 is the fine-
structure constant, β is a kinematic factor defined by β =√
1− 1
τ
, and C is a factor which depend on the charge
of the baryon. The factor C is equal to 1 for neutral
baryons. For charged baryons C it takes into account
the Coulomb effects near the threshold [3, 13, 37], given
by the Sommerfeld-Gamow factor, C = y1−exp(−y) , with
y = piα
β
2MB√
q2
. In the region of interest of the present
study, at large q2 (τ ≫ 1), one has C ≃ 1.
The magnitude of the effective form factor G is defined
by the combination of the electric and magnetic form
factors [13] as
|G(q2)|2 =
(
1 +
1
2τ
)−1 [
|GM (q2)|2 + 1
2τ
|GE(q2)|2
]
,
=
2τ |GM (q2)|2 + |GE(q2)|2
2τ + 1
. (2)
Equations (1) and (2) are very useful, since they mean
that one can describe the integrated cross section σBorn
from the knowledge of an unique, effective function G(q2)
defined by the magnetic and the electric form factors.
Note that the form factors GM and GE are complex
functions of q2 in the timelike region. The relations (1)
and (2) are particularly practical to calculate σBorn(q
2),
because they enable us to estimate the integrated cross
section without taking into account the relative phases
between the form factors GM and GE .
Assuming charge invariance of the electromagnetic in-
teraction, namely that the spacelike and timelike photon-
nucleon vertices γpp and γpp¯ are the same, we can esti-
mate the timelike form factors in the timelike region from
the form factors in spacelike (SL) region GSLM (−q2) and
GSLE (−q2) by applying the large-|q2|, model-independent
relations [4],
GM (q
2) ≃ GSLM (−q2), (3)
GE(q
2) ≃ GSLE (−q2), (4)
and therefore restricting our results to the very large q2
region, where the form factors are real functions to fulfill
the Schwarz reflection principle. These asymptotic re-
lations are a consequence of general physical and math-
ematical principles: unitarity as well as the Phragme´n-
Lindelo¨f theorem, which is valid for analytic functions
(proved in Ref. [4]). They are exact in the mathematical
q2 → ∞ limit, and also mean that the imaginary part
of the form factors in the timelike region goes to zero in
that limit.
In the present work we use a quark model developed in
the spacelike region [34, 35] to estimate the magnetic and
3electric form factors in the timelike region using Eqs. (3)–
(4). We will investigate, by comparing with data, their
degree of validity even for finite q2, or tentatively, the on-
set of the region where they may start to be a fairly good
approximation. It turns out that this happens much be-
low the region where the pQCD falloff of the form factors
starts to emerge, as our results will show.
The discussion on how we can correct the asymptotic
expressions (3)–(4), for finite q2 is made in the next sec-
tion. Deviations from our estimates may indicate that
the imaginary parts of the form factors in the considered
timelike region cannot be neglected. In the cases where
no data are available, as for the Σ− baryon, our results
provide estimates for future experiments.
The formalism used in the discussion of 1/2+ baryons
can also be extended to 3/2+ baryons based on the effec-
tive form factor (2), re-interpreting GM as a combination
of the magnetic dipole and magnetic octupole form fac-
tors, and GE as a combination of the electric charge and
electric quadrupole form factors [20]. The expressions as-
sociated with GM andGE for 3/2
+ baryons are presented
in Appendix A. Using those expressions we calculate our
results for the Ω− baryon.
III. THEORETICAL MODEL
We now restrict our study to baryons with one or more
strange quarks (hyperons). In our estimates we use the
covariant spectator quark model. The covariant specta-
tor quark model has been applied to the studies of the
electromagnetic structure of several baryons, including
nucleon, octet baryons, and decuplet baryons (including
Ω−) in the spacelike region [34, 35, 38–48].
The model is based on three basic ingredients:
1. the baryon wave function, rearranged as an active
quark and a spectator quark-pair, is represented in
terms of the spin-flavor structure of the individual
quarks with SUS(2)× SUF (3) symmetry [35, 38];
2. by applying the impulse approximation, after inte-
grating over the quark-pair degrees of freedom [35,
38, 39] the three-quark system transition matrix
element can be reduced to that of a quark-diquark
system, parametrized by a radial wave function ψB;
3. the electromagnetic structure of the quark is
parametrized by the quark isoscalar/isovector and
strange quark form factors, fi±(Q
2) and fi0(Q
2)
(i = 1 for the Dirac, and i = 2 for the Pauli
form factors, respectively), which encode the sub-
structure associated with the gluons and quark-
antiquark effects, and are parametrized using the
vector meson dominance mechanism (VMD) [35,
45, 47].
Concerning points 1 and 2 above, the literature em-
phasizes the role of diquarks in the baryons [6–11]. Our
model, although based on a quark-diquark configura-
tion, cannot be interpreted as a quark-diquark model in
the usual sense, i.e. a diquark as a pole of the quark-
quark amplitude [35, 38, 39]. In our model, the inter-
nal quark-quark motion is integrated out, at the level of
impulse approximation, but its spin structure signature
survives [38]. Therefore, the electromagnetic matrix el-
ement involves an effective quark-diquark vertex where
the diquark is not pointlike [39]. Another difference be-
tween our model and the quark-diquark models is that
we explicitly symmetrize in all quark pairs applying the
exact SU(3) flavor symmetry [34, 35].
The form of our baryon wave functions was judiciously
chosen to have the correct large-Q2 behavior for the form
factors. Our baryon wave functions induce a falloff for
the form factors consistent with the pQCD power laws
falloff: GSLE ∝ 1/Q4 and GSLM ∝ 1/Q4, apart logarithm
corrections [30, 31, 33, 48]. Since it is well known that the
exact SU(3) symmetry models are expected to fail due
to the mass difference between the light quarks (u and d)
and the strange quarks, we break SU(3) symmetry at the
level of the radial wave functions, by using different forms
for those functions for systems with different number of
strange quarks (Ns = 0, 1, 2 for the baryon octet and
Ns = 0, 1, 2, 3 for the baryon decuplet) [34, 35]. The
difference in the baryon form factor falloffs is then related
to the differences in the flavor of the constituent valence
quarks.
Because of point 3 above, SUF (2) symmetry is bro-
ken at the quark current level since we use different
parametrizations for the isoscalar and isovector quark
form factors. The model for the nucleon was calibrated
by the electromagnetic form factor data for the proton
and the neutron [38]. The model for the baryon octet
is an SUF (3) extension of the model for the nucleons
based on the information from lattice QCD simulations
for the baryon octet [34]. The model for the baryon
decuplet is an SUF (3) extension of the model for the
∆(1232) [44, 45], constrained by the scarce available lat-
tice data for the decuplet baryon electromagnetic form
factors [35]. The model for the Ω− was later re-calibrated
with the first lattice QCD calculation of the Ω− form fac-
tors at the physical mass point and used to determine the
electric quadrupole and magnetic octupole moments [46].
The estimates based on the covariant spectator quark
model provide a good description of the nucleon and the
octet baryon data when the meson cloud contributions
are taken into account [34, 43]. In the case of the baryon
decuplet, no meson cloud contributions are considered
in Refs. [35, 46]. The meson cloud effects are expected
to be significant in the case of the ∆(1232) due to the
contribution of the pion cloud [44, 45]. However, they
are expected to be much smaller in the case of the Ω−,
where pion excitations are suppressed due to the content
of the valence quark core (only strange quarks) imply-
ing reduced kaon excitations given the large mass of the
kaon [35, 46].
In the present work we test the results of the extrap-
4olation of the parametrizations in the spacelike region
(q2 = −Q2 < 0) as described, to the timelike region
(q2 > 0). The extrapolation for the timelike region is
based on the results for large Q2 and the model indepen-
dent relations (3)–(4).
Concerning the relations (3)–(4), they map the region
of q2: ] −∞, 0] into the region [0,+∞[. Note, however,
that q2 = 0 is not the centre point of the reflection sym-
metry that relates timelike and spacelike regions, because
of the unphysical gap region ]0, 4M2B[ in between them.
The reflection symmetry centre point between the two
regions lies in fact inside this interval, and can be ten-
tatively taken as q2 = 2M2B instead of q
2 = 0. This
consideration leads us to correct the relations (3)–(4) by
introducing finite corrections to q2,
GM (q
2) ≃ GSLM (2M2B − q2), (5)
GE(q
2) ≃ GSLE (2M2B − q2). (6)
While the difference between using (3)–(4) and (5)–(6) is
naturally negligible for very large q2, and is immaterial in
the mathematical q2 →∞ limit, it can be non-negligible
otherwise. In the next section we check that this is indeed
the case when one gets to values in the range q2 = 10–20
GeV2.
In our calculations, Eqs. (5)–(6) provide a central value
for our results of the form factors, Eqs. (3)–(4) a lower
limit, while the estimate where we replace GSLl (−q2) by
GSLl (4M
2
B − q2) (l =M,E), gives the upper limit.
An important point that we will also address in the
next section is to know how far the region of the asymp-
totic relations (5)–(6) is from the perturbative QCD
region characterized by the relations GM ∝ 1/q4 and
GE ∝ 1/q4.
The results of the extension of our model to the time-
like region based on the relations (5)–(6) are presented
in the next section.
IV. RESULTS
In this section we present the results in the timelike
region for the Λ, Σ−, Σ0, Ξ−, Ξ0 of the baryon octet and
also for the Ω− (baryon decuplet). The results for the
baryon octet are based on the model from Ref. [34]. The
results for the Ω− are based on the model from Ref. [46].
A. Octet Baryons
The results of our model in the timelike region are pre-
sented in Figs. 1, 2 and 3 for the cases of Λ, Σ−, Σ0, Ξ−
and Ξ0. The thick solid lines represent our best esti-
mate based on Eqs. (5)–(6). The dashed lines represent
the upper limit Gl(q
2) = GSLl (4M
2
B − q2), and the lower
limit Gl(q
2) = GSLl (−q2) (l = M,E). The thin solid
line results are those obtained with the approximation
GE = GM , and will be discussed later. Naturally, all
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FIG. 1: Timelike form factor G for the Λ. Data are from Refs. [11,
12, 17, 19]. The thick solid line is based on Eqs. (5)–(6). The dashed
lines represent the upper limit Gl(q
2) = GSL
l
(4M2
B
− q2) and the
lower limit Gl(q
2) = GSL
l
(−q2) (l = M,E). The thin solid line is
obtained with the approximation GE = GM .
curves get closer together as q2 increases. In all cases,
we use the experimental masses or the averages (respec-
tively for Σ and Ξ). We recall that in the present model
the SU(3) flavor symmetry is broken by the radial wave
functions and that the quark electromagnetic structure
is parametrized based on a VMD representation.
Our estimates are compared with the world data for
the hyperon electromagnetic form factors in the timelike
region. The data for the Λ, Σ0 and ΛΣ¯0 (from e+e− →
ΛΣ¯0 and e+e− → Σ0Λ¯ reactions), for values of q2 up
to 9 GeV2, are from BaBar [17]. There are also data
from BES-III for the Λ [19] below q2 = 10 GeV2 and
for Σ0, Σ+, Ξ− and Ξ0, for q2 ≃ 14.2 GeV2 (ψ(3770)
decay) [18]. Finally, there are data from CESR (CLEO-
c detector) [11, 12] for the baryon octet (Λ, ΛΣ¯0, Σ0,
Σ+, Ξ− and Ξ0) and Ω−, for q2 ≃ 14.2 and 17.4 GeV2
(ψ(3770) and ψ(4170) decays). In the near future, we
expect results on the proton-antiproton scattering from
PANDA (pp¯→ BB¯) [28].
Contrary to the case of the proton form factor data
in the timelike region, which are about two times larger
than those in the spacelike region [6, 49, 51, 52], the
hyperon form factors have about the same magnitude
(central value lines in the figures) in both regions (space-
like and timelike). Our results suggest that the available
data may already be within the asymptotic region where
Eqs. (5)–(6) are valid, with the deviations consistent with
a variation of the argument of G from q2 (lower limit) up
to q2 − 4M2B (upper limit), denoting that the reflection
center point is within the unphysical region. In the model
of Ref. [50] this seems also to be the case.
From the figures, we can conclude that our estimates
(central values) are close to the data for q2 > 8 GeV2 in
most cases. For the Λ case our results underestimate the
data. For the Σ+ and Ξ0 cases our results overestimate
the data. However, in general, our results are reasonably
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FIG. 2: Timelike form factor G for the Σ+ (left) and Σ0 (right). Data are from Refs. [11, 12, 17, 18]. See also caption of Fig. 1.
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FIG. 3: Timelike form factor G for the Ξ0 (left) and Ξ− (right). Data are from Refs. [11, 12, 18]. See also caption of Fig. 1.
close to the data. To compare our results with the data
for larger values of q2 (q2 ≃ 14.2 and 17.4 GeV2 from
CLEO-c [11, 12]), we show in Table I the average ratios of
the experimental values and our estimates. Note that for
the Ξ0 we have an underestimate of 40% (≈ 0.6) and for
the Λ an overestimate of more than 100% (≈ 2.2). This
feature is similar to the proton case. When we average
in the baryon indices, however, we obtain a ratio of 1.12,
meaning that the baryon average value is very close to
our model estimate.
Although the present results corroborate the idea that
we are close to the asymptotic region, where the rela-
tions (5)–(6) holds, that does not mean that we are close
to the pQCD region, where GE ∝ 1/q4 and GM ∝ 1/q4.
Calculations in the spacelike region where we consider
the leading order term of the asymptotic quark cur-
rent suggest that the first signs of the pQCD behavior
GE ∝ 1/Q4 and GM ∝ 1/Q4 (with log corrections) ap-
pear only for q2 ≈ 100 GeV2. An example of the con-
vergence for |GM | and |GE | to the perturbative regime is
presented in Fig. 4 for the case of Σ+. The lines with the
label “Model” indicate the exact result; the lines with la-
bel “Large Q2” indicate the calculation with the asymp-
totic quark current. Similar behavior can be observed for
the other hyperons.
For a detailed comparison with the present and future
data, we present in Tables II and III our estimates for G
at larger values of q2. Note in particular that we present
predictions for Σ−, a baryon for which there are no data
at the moment. The results in the tables can be used to
calculate the ratios between the form factors associated
with different baryons.
From the previous analysis, we can conclude that the
effective form factor G for most of the octet baryons with
strange quarks (hyperons) is well described by our ap-
proximated SUF (3) model combined with the asymptotic
relations (5)–(6), since the data lie within the upper and
lower limits of the theoretical uncertainty.
6B
〈
G
exp
Gmod
〉
Λ 2.19
Σ+ 0.65
Σ0 1.08
Ξ− 1.08
Ξ0 0.60
1.12
TABLE I: Comparison between the ratios between the experi-
mental value (Gexp) and the model estimate of G (Gmod) for the
different baryons, for q2 ≃ 14.2 and 17.4 GeV2 [11, 12]. The last
line indicates the average of all baryons.
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|GM| - Large Q2|GE|  - Model
|GE|  - Large Q2
Σ+
FIG. 4: Σ+ form factors. Comparison between the results for
|GM | and |GE | for a model with an exact quark current (Model)
and the results where we consider only the leading order term in
Q2 for the quark current (Large Q2).
Discussion
In the literature, there are a few estimates of hy-
peron form factors based on vector meson dominance [20,
22]. The first calculation (1977) [20] was performed
with no adjustable parameters, before the first mea-
surements (Orsay 1990) [53]. Those estimates differ
from the recent measurements by an order of magni-
tude [11, 12]. An improved VMD estimate (1993) [22]
gave results closer to the Λ data under the condition
GM = GE [11, 14]. There are also recent estimates
for the Λ and Σ0 form factors based on phenomenolog-
ical parametrizations of the baryon-antibaryon interac-
tion [23], asymptotic parametrizations and vector meson
dominance parametrizations of the form factors [25–27].
In our model, the SUF (2) symmetry is broken at the
quark level since we use different parametrizations for the
isoscalar and isovector quark form factors. The depen-
dence on the isovector component is more relevant for
the case of the neutron for which there are almost no
data available [3, 54, 55], and for the e+e− → ΛΣ¯0 and
q2 (GeV2) Σ+ Σ0 Σ−
10 40.5 16.8 10.7
15 15.1 6.09 4.12
20 7.68 3.01 2.19
25 4.58 1.76 1.36
30 3.03 1.15 0.923
35 2.14 0.803 0.667
40 1.60 0.592 0.503
45 1.24 0.453 0.393
50 0.980 0.358 0.315
55 0.799 0.290 0.260
60 0.663 0.239 0.216
TABLE II: Estimates for the Σ effective form factor G, in units
10−3.
q2 (GeV2) Λ Ξ0 Ξ−
10 13.4 41.4 24.9
15 4.90 13.6 7.99
20 2.43 6.41 3.75
25 1.43 3.65 2.13
30 0.927 2.33 1.36
35 0.648 1.61 0.933
40 0.476 1.17 0.679
45 0.365 0.893 0.514
50 0.288 0.700 0.402
55 0.233 0.564 0.323
60 0.192 0.463 0.264
TABLE III: Estimates for the Λ and Ξ effective form factor G, in
units 10−3.
e+e− → Σ0Λ¯ reactions, which we discuss at the end of
the present section.
We now discuss the difference in magnitude between
the electric and magnetic form factors of the octet baryon
members. The absolute value of the magnetic form factor
|GM | is represented in Figs. 1 to 3 by the thin solid line,
which is, with no exception, just a bit above the central
(thick solid line). Those results mean that the magnetic
form factor is larger than the electric form factor (|GE | <
|GM |) for Λ, Σ+, Σ0, Ξ0 and Ξ−. This conclusion is a
consequence of the definition of |G(q2)|2 given by Eq. (2).
If we express |GE | in terms of the ratio αG = |GE ||GM | , we
obtain |G|2 = |G2M |
(
1 +
α2
G
−1
1+2τ
)
. Since the thick solid
line is the result for the full |G(q2)| function, and the thin
solid line is the result from assuming |G(q2)| = |GM (q2)|,
we conclude that although |GE | < |GM |, the two form
factors have similar magnitudes.
Our model can also be applied for the ΛΣ¯0 and Λ¯Σ0
form factors (e+e− → ΛΣ¯0 and e+e− → Λ¯Σ0 reactions).
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FIG. 5: Timelike form factor G for the Ω−. We present the full result in the left panel (including GE2 and GM3). In the right panel,
we drop the higher order multipoles (GE2 and GM3). The model from Ref. [46] (based on lattice results) predicts a large magnitude for
GM3. The timelike data (large coefficient for GM3) support the estimates with a much smaller GM3. Data are from Ref. [11]. See also
caption of Fig. 1.
It is important to notice, however, that the analysis of
the e+e− → ΛΣ¯0 and the e+e− → Λ¯Σ0 reactions are a
bit more intricate than the analysis for the e+e− → BB¯
reactions associated with the elastic form factors. In this
case there are two possible final states (ΛΣ¯0 and Λ¯Σ0).
From the experimental point of view, this implies that
the background subtraction in the cross section analysis
is also more complex due to the proliferation of decay
channels, including the Λ and Σ0 decays and the decays
of the corresponding anti-states.
From the theoretical point of view the γ∗Λ→ Σ0 tran-
sition form factors in the spacelike region are difficult to
test due to the lack of experimental data: there are no ex-
perimental constraints for the electric and magnetic form
factors, except for the transition magnetic moment. We
do not discuss here in detail our results for the γ∗Λ→ Σ0
transition form factors, due to the experimental ambigu-
ities and also because the main focus of this work is the
octet baryon electromagnetic form factors. Still, we men-
tion that we predict the dominance of the meson cloud
contributions for GE and of the valence quark contribu-
tions for GM [43]. At large Q
2, the magnetic form factor
dominates over the electric form factor. This dominance
is then mirrored to the timelike region. Our estimate of G
in the timelike region overestimates the data by about an
order of magnitude, suggesting that the magnetic form
factor dominance is not so strong in the timelike region.
Another interesting theoretical aspect related with the
γ∗Λ → Σ0 transition is its isovector character. This
property can be studied in the near future once accu-
rate timelike data for the neutron becomes available at
large q2. From the combination of proton and neutron
data, we can determine the isovector component of the
nucleon form factors. Then those can be used to study
the γ∗Λ→ Σ0 transition form factors.
B. Ω− form factors
CLOE-c provided the first measurements of the Ω−
form factors for nonzero q2 [11, 12]. Our results for the
Ω− form factors are very important, because theoretical
studies of the Ω− are scarce, due to its unstable charac-
ter. Fortunately, for the Ω−, lattice QCD simulations at
the physical point (i.e. physical strange quark mass) ex-
ist [56]. Since those simulations are at the physical point
and the meson cloud contamination (kaon cloud) is ex-
pected to be small due to the large kaon mass, the lattice
QCD data may be considered to describe the physical
Ω−.
Our model for the Ω− [46] was calibrated by the Ω−
lattice QCD data from Ref. [56]. The free parameters
of the radial wave functions and D-state mixture coef-
ficients of our model were adjusted by the lattice QCD
results for the form factors GE0, GM1, GE2 for Q
2 < 2
GeV2. The model was then used to estimate the func-
tions GE2 (electric qudrupole form factor) and GM3(Q
2)
(magnetic octupole form factor).
In the case of the electric quadrupole form factor
(GE2), one obtains a consistent description of the lattice
QCD data, which allows the determination of the elec-
tric quadrupole moment from GE2(0) = 0.680 ± 0.012.
For GM3, however, the lattice QCD simulations are re-
stricted to the result for Q2 = 0.23 GeV2, GM3 =
1.25 ± 7.50 [46, 57] (which has a significant errorbar).
From the form factors GE0, GM1, GE2 and GM3, we
calculate the function G based on the results in the Ap-
pendix. The results are presented on the left panel of
Fig. 5.
Our estimates for the electromagnetic dorm factors in
the timelike region of Ω− should be taken with caution,
since the model used for the radial wave functions was
not chosen in order to describe the large Q2 region, but
8rather fitted to the Q2 < 2 GeV2 data. For that reason,
the falloff of GE0 and GM1 at large Q
2 is determined
by the 1/Q6 behavior, and not by the falloff of pQCD
(1/Q4).
From Fig. 5 (left panel), we conclude that our results
for G underestimates the data. In order to understand
this result, we examine the magnitude of the higher mul-
tipole form factors GE2 and GM3. If we drop these con-
tributions we obtain the results presented in the right
panel of Fig. 5. In this case, we observe a close agreement
with the data. From this analysis, we can conclude that
the deviation from the data comes from the form factors
GE2 and GM3. We have confirmed that it is the function
GM3 that originates a contribution that makes the total
results differ from data. Our model gives GM3(0) ≃ 15.
The result presented in the right panel of Fig. 5 is more
compatible with GM3(0) ≈ 1. We then conclude that the
timelike data is consistent with a small magnitude for the
function GM3.
It is worth noting that the function GM3 is, at the mo-
ment, poorly estimated. On the contrary, the functions
GE0, GM1, GE2, are well determined by the lattice QCD
data. The present result suggests the need for a deter-
mination of GM3 by a combined study of more accurate
lattice QCD data with the very recent timelike region
data for G in the region q2 ≈ 16 GeV2 [11]. In future
studies the expected pQCD falloff of the form factors for
very large q2 should also be taken into account.
V. OUTLOOK AND CONCLUSIONS
A relativistic quark model which was successful in the
description of the baryon electromagnetic form factors in
the spacelike region was extended to the timelike region.
Our SUF (3) model provides a fair description of the data
both in the spacelike and timelike regions.
The extension of the model from the spacelike into the
timelike regions uses asymptotic reflection symmetry re-
lations connecting the electromagnetic elastic form fac-
tors in the two different regions. The theoretical un-
certainty in our predictions for the timelike region is
presented. An important conclusion is that the mea-
sured data are consistent with the asymptotic relations
of Eqs. (5)–(6), originated from general principles as uni-
tarity and analyticity. Finite corrections for q2 have still
a role on the strength of the form factors, for q2 = 10–
30 GeV2, since within this range the differences between
the results obtained from GSLl (−q2), GSLl (2M2B−q2), and
GSLl (4M
2
B − q2) (l =M,E) show that the strict q2 →∞
limit is not yet attained numerically within that region.
On the other hand, the fact that the data is within the
theoretical uncertainty of our model, seems to indicate
that the reflection symmetry center point lies in between
the unphysical region ]0, 4M2B[, where MB is the baryon
mass.
Another conclusion is that the perturbative QCD limit
onset G ∝ 1/q4 is way above the region where the reflec-
tion symmetry relations, are valid.
In the present work our main focus was on the baryon
octet since the available data are mostly on that family
of baryons, and therefore the comparison with the data
enables us to better probe our model in the timelike re-
gion. Our framework can also be applied to all baryons
of the decuplet, and as an example we presented our re-
sults for the Ω− baryon, and compare them with the new
data from CLEO.
Under study is the possible extension of the present
model to charmed baryons. By this extension, the model
can be applied to the e+e− → Λ+c Λ¯+c process to estimate
the Λ+c timelike electromagnetic form factors, which were
recently measured at BES-III [58].
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Appendix A: 3/2+ baryons
As discussed in the main text, the relations (1) and
(2) can be used for baryons with 3/2+ baryons, if the
form factors GM and GE are expressed as combinations
of electric form factors (electric charge GE0 and electric
quadrupole GE2) and magnetic form factors (magnetic
dipole GM1 and magnetic octupole GM3).
According to Ref. [20], we should use the following
replacements:
|GE |2 → 2|GE0|2 + 8
9
τ2|GE2|2, (A1)
|GM |2 → 10
9
|GM1|2 + 32
5
τ2|GM3|2, (A2)
where τ = q
2
4M2
B
.
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